To clarify the differences between white asparagus (Asparagus officinalis L.) spears produced by two different blanching methods, the soil-mound method and film-cover method, the external appearance and hardness of spears were examined in forcing culture with two-year-old rootstocks. The blanching method had an obvious influence on the color and tightness of the spear tip. Color in the portion 2 cm below the spear tip was more yellowish in the film-cover method than in the soil-mound method. The spear tips tended to be tighter in the soilmound method than in the film-cover method. These results suggest that both the spear tip color and tightness might be striking visible features to help us discriminate between the two blanching methods. Spears produced by the soil-mound method were greater in diameter in the upper (4 cm from tip) and middle (10.5 cm from tip) portions, and heavier by weight than those by the film-cover method. Spears boiled for 10 minutes from the soilmound method were significantly tougher in the upper (4 cm from tip) and middle (10.5 cm from tip) sections than those from the film-cover. Therefore, the blanching method was thought to affect spear hardness, which is closely associated with eating and cooking quality.
Introduction
Demand for fresh white asparagus has been gradually increasing in Japan's domestic market. White asparagus is treated as one of the more expensive vegetables at present because its production in Japan is extremely small compared to that of green asparagus (Benson, 2008) . Therefore, the white asparagus market is watched closely by many Japanese asparagus growers.
The soil-mound method is widely used to produce white spears in many countries, such as Germany (Heißer et al., 2006) , Greece (Siomos, 1996) , Holland (Poll and van den Berg, 1999) , Japan (Motoki, 2003) , and Poland (Knaflewski and Zurawicz, 2003) . In this method, soil mounds are prepared by ridging over asparagus rows before the start of spear growth. Spears elongate in the soil mound, and are harvested just before they reach the soil surface. All spears are etiolated because sunlight is absolutely eliminated in the soil mound.
With regard to other asparagus spear blanching methods, it was reported that white asparagus may be produced by covering tunnels with an opaque film, 0.35 m height, in asparagus rows without soil mounding (Makus and Gonzalez, 1991) . The authors demonstrated that growers could produce white spears in 2.0 m hightunnels covered with a shading film over asparagus plantings in plastic greenhouses, without soil mounding in semi-forcing culture (Jishi and Tanaka, 2009) . In this method, blanched spears grow above the ground surface even though they are in the complete dark in the shaded tunnels, and harvesting is much easier than in the traditional soil-mound method. Thus, this film-cover method is rapidly spreading for white asparagus production among Japanese growers at present. However, some growers point out that spears produced by the film-cover method may be different from those from the traditional method in external qualities such as shape and color. Some restaurant cooks and can processing manufacturers also comment that the shape of spears produced by the film-cover method tends to be lost because of their tenderness if they are cooked or processed like spears produced by the soil-mound method. As there is little information on the difference in the quality of spears produced by the two blanching methods mentioned above, those spears are treated as the same product in many markets. It is necessary to provide precise information on the differences in spear characteristics between the two different blanching methods to make effective use of spears obtained from either blanching method.
The objective of this study was to compare the qualities of spears produced by two different blanching methods, the soil-mound method and film-cover method, in detail, focusing on tip tightness, color, thickness, weight, and hardness, and finally to clarify the differences between them.
Materials and Methods

Plants and experimental treatments
All experiments were conducted at Hokkaido Ornamental Plants and Vegetables Research Center from 2006 to 2008. Two-year-old rootstocks of 'UC157' were used over two years. Seeds were germinated in paper pots on April 5, 2006 and on April 6, 2007, respectively. Seedlings were raised for about 2 months and transplanted to the experimental open field on June 8, 2006 and June 4, 2007 . These seedlings were grown under the conventional method. Two-year-old rootstocks were collected on October 31, 2007 and on October 31, 2008, respectively. It is known that twoyear-old rootstocks of 'UC157' are apparently in a dormant stage in late autumn, and their dormancy is broken by chilling treatment (Koizumi et al., 2002) . Thus, all rootstocks were put into plastic bags and placed in a refrigerator at 2-4°C for 15 days in 2007 and 20 days in 2008 in order to be exposed to sufficient chilling to break dormancy. Forcing culture was performed in a heated glasshouse during winter. Soil in this glasshouse consisted of ash soil and peat moss, and its bulk density was 0.86 g·cm −3 . The culture bed for rootstocks was 0. Two groups were planted in soil-mound sites and the others in film-cover sites on November 15, 2007 and on November 20, 2008. Planting depth was 5 cm below ground level. Soil was mounded approximately 22 cm in height above ground in the soil-mound plots (Fig. 1A) . Adequate water was supplied after planting and no watering was performed until the end of the experiment. A 2.0 m-high tunnel with a shading film (White-Silver, Tokankosan Co., Ltd., Tokyo, Japan) was set over the culture bed in order to keep all the experimental plots under the same environmental conditions except for soil mounding treatments. Throughout the experimental periods, the soil temperature 15 cm below the ground surface was kept at 20°C by electric wires and the air temperature 15 cm above the ground surface in the tunnel was controlled within a range from 10 to 25°C by the air conditioners and ventilation systems in the glasshouse. Emerged spears were harvested for 21 days, December 9 to 29 in 2007, and 18 days, December 9 to 26 in 2008, respectively ( Fig. 1B, C) . Harvesting was performed once a day and spears from the same blanching plots were pooled. Straight and undamaged, not flattened, spears ranging from 21.0 cm to 25.0 cm in length were carefully selected and trimmed to 21.0 cm in spear length. The maximum diameter was measured at the bottom of each spear. Spears 12.0-15.0 mm in diameter at the bottom were exclusively used for this study. All of the investigations were carried out on the harvest day.
Spear characteristics
Spears harvested from December 12 to 16 in 2007 and from December 20 to 22 in 2008 were used for color investigation. To determine the external color of the spear, color measurements were performed in three portions (upper: 2.0 cm from tip, middle: 10.5 cm from tip, lower: 19.0 cm from tip) of each spear using a spectrophotometer (NR-3000, Nippon Denshoku Industries Co., Ltd., Tokyo, Japan). The color was quantified using the values of L*, a*, b* color space.
Spear tip tightness was evaluated by the 5 objective scores shown in Figure 2 . Spears harvested during the two periods in 2007 (December 9 to 15, 23 to 29) and 2008 (December 18 to 20, 24 to 26) were utilized for this observation.
The same spears evaluated for spear tip tightness were also used for the measurements of diameter and weight. Maximum diameter in three spear portions (upper: 4.0 cm from tip; middle: 10.5 cm from tip; basal: 21.0 cm from tip) and spear weight were measured.
Spears obtained from December 9 to 10 in 2007 and from December 16 to 19 in 2008 were used for the examination of spear hardness. These spears were boiled for 10 minutes and immediately cooled in an ice water bath. Hardness of the spear was determined in three portions (upper: 4.0 cm from tip, middle: 10.5 cm from tip, lower: 19.0 cm from tip) using a texture analyzer (TA-XT2i, Stable Micro Systems, Godalming, UK) set up with a stainless cylinder, 2 mm in diameter, and the value (N) of maximum load during probe penetration at speed of 2 mm·s −1 was defined as the index of spear hardness.
Results
External quality of spears
Comparing the two different blanched spears, there was a significant difference in both a* and b* scores in the upper portion in the two years (Table 1) . Although negative a* indicates a hue of bluish-green and positive b* indicates yellow (McGuire, 1992) , differences in b* scores at the upper portion were also easily recognized by visual observation, which showed that spear color in the portion 2 cm below the tip was more yellowish in the film-cover plots than in the soil-mound plots (Fig. 1D ). There was no difference in spear color in the middle portion in the two years and the results of a* and b* scores in the lower portion were not constant between the two years (Table 1 ).
In the film-cover plots, spear tightness ranged from a score of 2 to 5, an especially high frequency was observed in score 4, and less than 30% of spears showed a score of 5, which was defined as the tightest throughout this experiment (Table 2) . On the other hand, more than 78% of spears grown in the soil-mound plots were classified as a score of 5 in all experimental periods.
In 2007, spear diameter in the upper and middle portions and spear weight tended to be greater and heavier in soil-mound plots than film-cover plots (Table 3) , although significant differences were recognized only in spear diameter in the middle portion and Table 3 . Effect of different blanching methods on spear diameter in each section and its weight.
z Values show the mean. y NS, ***, **, * indicate not significant, significant at P < 0.001, P < 0.01, and P < 0.05, respectively. t-test y *** *** ** spear weight during the period from December 9 to 15. In 2008, spear diameters in the upper and middle portions were significantly greater and spear weight was significantly heavier in the soil-mound method than the film-cover method in both periods.
Hardness of spears
In both blanching methods, the values for hardness of harvested spears increased basipetally (Table 4 ). Comparing the two blanching treatments, the values in both upper and middle portions were significantly larger in the soil-mound plots than film-cover plots in the two years. Hardness in the lower portion was changeable; there was no difference between the two blanching methods in 2007, but the value in the film-cover method was larger than in the soil-mound method in 2008.
Discussion
The blanching method obviously influenced spear tip color and tightness in the present experiment. The color of the spear tip portion (2 cm from the tip) in the filmcover method was more yellowish than in the other. Throughout the experimental periods, yellow spots were frequently observed in spear tips in the film-cover plots. The authors confirmed the same color on the spear tips when asparagus plants were grown in a completely dark room in several other experiments. Therefore, soil mounding appears to be effective for the production of complete white spears. Since these yellow spots rapidly turned green when exposed to light, such responses might be attributed to the existence of chlorophyll and carotenoids. Further compositional research is needed on spear tip color, and its relationship with soil mounding should be elucidated. Our results also indicate that the spear tip tended to be tighter in the soil-mound method than the film-cover method. van Os and Simonse (1988) produced white asparagus spears without soil mounding in a dark climate-controlled chamber in hydroponic forcing culture using two-year-old rootstocks, and described the tip of the emerged white asparagus, grown without soil mounding, as less closed than that of fieldgrown asparagus with soil mounding, probably because of low pressure at the tip. Although they did not show any data on spear tip tightness in their reports, their description is consistent with our results obtained here. Therefore, soil pressure over crowns in the soil-mound method is thought to influence the shape of the spear tip. As differences in spear tip color and tightness between the two blanching methods were visually distinguishable, these characteristics might be striking visible criteria to help discriminate between the two kinds of white spears produced by different blanching methods.
Spear hardness is an important factor in determining eating quality (Scott and Kramer, 1949; Siomos et al., 2000) . However, there is no information on the effect of blanching methods on spear hardness. The present study indicates that white asparagus spears grown by the traditional soil-mound method were significantly harder in the upper and middle portions than by the filmcover method, suggesting that soil pressure during spear elongation in the soil mound also makes the spears harder. The author found that white spears grown by the film-cover method in a plastic greenhouse tended to be tougher than green spears in a previous report (Jishi and Tanaka, 2009 ). Thus, spear hardness in the film-cover method is thought to be between that of green spears and white spears in the soil-mound method, which may mean that cooking time (heating time) for spears produced by the film-cover method should be longer than for green spears and shorter than for white spears by the soil-mound method. In the present examination, spear diameter in upper and middle portions and spear weight obtained from the soil-mound plots were greater and heavier than those from the film-cover method. These differences may be closely associated with spear hardness, especially for spear fibrousness, as described below.
It is known that a well-lignified fiber sheath present in white asparagus is missing in green asparagus from microscopic observations (Chang, 1983) , and white spears harvested using the soil-mound (Papadopoulou et al., 2003) and film-cover (Brovelli et al., 1998) methods were more fibrous than green spears. A correlation between fiber content and shear-press maximum peak value measured by a texture test system was found in green asparagus (Clore et al., 1976) . These reports suggest that the hardness of asparagus spears was closely related to fiber content irrespective of the blanching method. Additionally, Haard et al. (1974) reported that ethylene induced isozyme (isoperoxidase) changes during fiber formation in postharvest asparagus. In order to better understand differences in spear hardness between the two blanching methods, further research on the relationships among spear hardness, fiber content, and metabolic changes, such as ethylene production, will be necessary.
Several types of saponin were isolated from white asparagus spears and are responsible for their bitter taste (Brueckner et al., 2010; Kawano et al., 1977) . A majority of consumers noted that white asparagus produced by the film-cover method seems to be less bitter than asparagus harvested by the soil-mound method. Indeed, this difference in bitter taste was confirmed by the authors' preliminary taste tests, and a study on the furostanol saponin content in these white spears is being carried out at present.
The differences in external appearance and hardness between white asparagus spears produced by the two blanching methods are discussed in the present paper. In future, cooking and processing of white asparagus can be improved by adding information on other features, including taste and composition.
